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ABSTRACT 



The "PLATO [R] Math Expeditions" and "PLATO [R] Projects for 
the Real World" curricula are designed to implement effective, research-based 
instructional practices. "Math Expeditions" is designed to give elementary 
grade users the mathematics skills and practice needed to solve real-life 
problems. Across the eight Levels, A through I (K-8) , this curriculum 
provides opportunities in 134 lessons and 399 activities for students to 
learn number facts and operations, fractions, measurement, geometry, 
ratios/proportions, probability/statistics, and reasoning skills. This 
curriculum can be used alone or in conjunction with "Projects for the Real 
World," which include activities such as map reading and labeling, graphs, 
photos of Maya ruins and planets, planning, and writing. In Levels A through 
I, 46 units include 245 projects with a total of 793 activities, all with a 
great variety of learner activity. Learners solve math problems, and are 
asked to integrate the math with the full range of activities in each 
project. In one project, a learner can be asked to tabulate and display data, 
do addition in order to answer questions, draw graphs, and play learning 
games. Together, "Math Expeditions" and "Projects for the Real World" offer 
over 830 hours of instruction and practice in mathematics skills and 
strategies. These courses can be combined with the other highly successful 
PLATO courses, particularly Math Fundamentals, Pre-Algebra. Following a 
review of research that discusses instructional issues in six specific areas 
of instructional focus, this Technical Paper consists of five parts focusing 
on: research on early mathematics instruction; the need for new curriculum in 
early mathematics; the PLATO [R] early math curricula; PLATO [R] Learning's 
"Math Expeditions" program (including a table that lists projects and 
activities for specific skills taught in each grade level) ; "Projects for the 
Real World" (including a table that lists units, skill, and number of 
activities in which topics are used for levels A through I) ; and teaching 
with PLATO [R] early mathematics. (Contains 40 references.) (AEF) 
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Abstract 

Research on effective mathematics instruction has helped to define what instructional 
methods and content are most valuable. Recent reports summarizing this research have 
focused educators and others across the country on what works best in teaching children 
mathematics. The research has shown that the following are important aspects of 
mathematics instruction: 

• Skill Modeling and Practice with Feedback 

• Collaborative Learning 

• Computation, Mental Math and Estimation 

• Problem-Solving 

• Active Learning with Real-World Connections 

• Curriculum and Mathematics Integration 

Math capability has been the subject of public concern for decades. Far too many children 
are not proficient in mathematics and are therefore precluded from learning what they 
might, both in and outside of school. Particularly affected are at-risk learners in urban and 
rural schools who have relatively fewer home and community supports. Effectively 
addressing this situation holds out great promise for the social and economic future of 
America. 

Improved mathematics curricula and teaching methods are needed if the mathematics 
abilities of America s children are to increase. Research results have yielded insight into 
how to change mathematics instruction. The PLATO® Math Expeditions and PLATO® 
Projects for the Real World curricula are designed to implement effective, research-based 
instructional practices. 

Math Expeditions is designed to give elementary grade users the mathematics skills and 
practice needed to solve real-life problems. Across the eight levels A to I, this curriculum 
provides numerous opportunities in 134 lessons and 399 activities for learners to learn 
number facts and operations, fractions, measurement, geometry, ratios/proportions, 
probability/statistics, and reasoning skills in their quest to become proficient math thinkers. 
This curriculum can be used alone or in conjunction with Projects for the Real World . 

Projects for the Real World include activities such as map reading and labeling, graphs, 
photos of Maya ruins and planets, planning, and writing. That s not only integration across 
the disciplines; it s interesting and fun. In Levels A through I (grades K-8), 46 units include 
245 projects with a total of 793 activities, all with a great variety of learner activity. Not only 
do learners solve math problems, but they are asked to integrate the math with the full 
range of activities in each project. In one project a learner can be asked to tabulate and 
display data, do addition in order to answer questions, draw graphs, and play learning 
games. 

Together, Math Expeditions and Projects for the Real World offers over 830 hours of 
instruction and practice in mathematics skills and strategies. These courses can be 
combined with the other highly successful PLATO courses, particularly Math 
Fundamentals, Pre-Algebra and Algebra, to present a full range of resources to move 
learners from beginning to proficiency in mathematics. 
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Research on Early Mathematics Instruction 

This review of mathematics research focuses on the instructional practices that have been 
demonstrated as being effective for learning mathematics. A key finding from this research 
is that there is no one best way to teach a particular math skill or capacity. A variety of 
instructional methods and teaching approaches have been shown to be effective, 
depending upon the instructional objective and learner characteristics. An effective math 
program will likely involve a mix of instructional approaches, including direct instruction on 
well-structured tasks and problem-solving activities utilizing more open assignments and 
methods. Individual interests and learning needs should be recognized in the math 
instruction. 

Even though a range of methods have proven successful in teaching early mathematics, 
across these methods the following areas of instructional focus have proven especially 
effective in helping young learners to learn mathematics: 

• Skill Modeling and Practice with Feedback 

• Collaborative Learning 

• Computation, Mental Math and Estimation 

• Problem-Solving 

• Active Learning with Real-World Connections 

• Curriculum and Mathematics Connections 

This review of research discusses some of the instructional issues regarding these areas 
of instruction. 

Skill Modeling and Practice with Feedback 

The most often used measures of learner achievement in the U.S. are scores on 
standardized tests of basic skills. Using this criteria as the desired learner outcome, one 
set of models, labeled direct or explicit instruction (Rosenshine, 1995), has developed 
overwhelming research support in the past 25 years. Several principles of direct 
instruction, such as more teacher direction and learner-teacher interaction, provide the 
foundation for this approach. These methods of direct instruction or focused instruction 
have been used to teach mathematics and other subjects to a wide range of learners 
regardless of ethnicity, family background, or socioeconomic status. For example, both 
large scale and smaller scale experimental research comparing the outcomes of different 
forms of instruction show that: 

1 . Children who are taught math using direct instruction methods-such as Connecting 
Math Concepts (Engelmann &Camine, 1992)~generally outperform (both 
academically and with respect to self-esteem) children taught with other forms of 
instruction. (Adams & Engelmann, 1996; Becker & Carnine, 1981; Bock, Stebbins, & 
Proper, 1977; Tarver & Jung, 1995; Watkins, 1997). 

2. The early gains of children who were taught some subjects with direct instruction are 
sustained in later grades. For example, Meyer (1984) followed children 
(predominantly Black or Hispanic) in the Ocean Hill-Brownsville section of Brooklyn 
who had been taught reading and math using direct instruction methods in elementary 
school. At the end of the 9th grade, these learners were still one year ahead of 
children who had been in control schools in reading, and 7 months ahead of control 
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children in math. Similar results were found by Gersten, Keating and Becker (1 988). 
Former direct instruction learners continued to out-perform children who had received 
traditional instruction. In addition, in contrast to comparison groups of children who 
had not received direct instruction in earlier years, former direct instruction learners 
had higher rates of graduating high school on time, lower rates of dropping out, and 
higher rates of applying and being accepted into college (Darch, Gersten, & Taylor, 
1987; Meyer, Gersten, & Gutkin, 1983). 

Caldwell, Huitt, and French (1995) provide a direct instruction analysis from a transactional 
perspective. From this viewpoint, both the teacher and learner are active participants in 
the learning process, each with their respective responsibilities. At each event of 
instruction, the transactional perspective provides both a recommended teacher activity 
and a set of alternative learner activities. The most important deviation from the other 
models is that the transactional perspective emphasizes teacher/leamer interaction at 
every event in the lesson. 

The following chart (adapted from Slavin, 1994, p. 287) provides a comparison of 
instructional events from several well-known direct instruction models that incorporate 
these principles. 
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Good & Grouws 
(1979) (Missouri 
Mathematics 
Program) 


Slavin (1994) 


Gagne (1977); 
Gagne & Briggs 
(1979) 1 


Rosenshine 

(1995) 


Hunter (1982) 
(Mastery 
Teaching) 


1 . Opening 


1. State learning 
objective and orient 
learners to lesson 


1 . Gain and control 
attention; inform the 
learner of expected 
outcomes 


1 . Provide overview 


1 . Objectives; 
provide anticipatory 
set. 


2. Review 
homework; mental 
computations; 
review 
prerequisites 


2. Review 
prerequisites 


2. Stimulate recall 
of relevant 
prerequisite 
capabilities 


2. Review, 
checking previous 
day’s work 


2. Review 


3. Development 


3. Present new 
material 


3. Present the 
stimuli inherent to 
the learning task; 
offer guidance for 
learning 


3. Present new 
content & skills 


3. Input & modeling 


4. Assess learner 
comprehension 


4. Conduct learning 
probes 


4. Provide feedback 


4. Initial learner 
practice, checking 
for understanding, 
feedback & 
correctives 


4. Check 

understanding and 
guided practice 


5. Seatwork 


5. Provide 

independent 

practice 




5. Independent 
practice 


5. Independent 
practice 




6. Assess 
performance and 
provide feedback 


5. Appraise 
performance 


6. Frequent tests 




6. Homework; 
weekly and monthly 
reviews 


7. Provide 
distributed practice 
and review 


6. Make provisions 
for transferability; 
ensure retention 


7. Homework; 
weekly and monthly 
reviews 


6. Homework 



Collaborative Learning 



Effective communication and collaboration are essential to becoming a successful 
learner. It is primarily through dialogue and examining different perspectives that 
learners become knowledgeable, strategic, self-determined, and empathetic. Moreover, 
involving learners in real-world tasks and linking new information to prior knowledge 
requires effective communication and collaboration among teachers, learners, and 
others. Indeed, it is through dialogue and interaction that curriculum objectives come 
alive. Collaborative learning affords learners enormous advantages not available from 
more traditional instruction because a group-whether it be the whole class or a learning 
group within the class-can accomplish meaningful learning and solve problems better 
than any individual can alone. (Tinzmann, et. al., 1990) 



1 As discussed below, the PLATO tutorial strategy is an extension of the Gagne/Briggs model, but with 
independent practice added, and with a number of other enhancements based on current instructional theory. 
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Cook (1993) noted that placing learners in small groups of two to six learners is an 
excellent instructional strategy for promoting reflective thought and for maximizing learner 
involvement in mathematics interaction. A number of researchers in recent years have 
demonstrated the high degree of learning possible when learners can collaborate in 
learning tasks and when they use their own knowledge as a foundation for school learning 
(Moll, 1989; Moll and Diaz, 1986; Palincsar and Brown, 1989; Palinscar, Ramson, and 
Derber, 1988/89; Brown, Palincsar, and Purcell, 1986 ). 

Collaborative classrooms seem to have four general characteristics. The first two capture 
changing relationships between teachers and learners. The third characterizes teachers’ 
new approaches to instruction. The fourth addresses the composition of a collaborative 
classroom. 

1 . Shared knowledge among teachers and learners. The teacher has vital knowledge 
about content, skills, and instruction, and still provides that information to learners. 
However, collaborative teachers also value and build upon the knowledge, personal 
experiences, language, strategies, and culture that learners bring to the learning situation. 

2. Shared authority among teachers and learners. In collaborative classrooms, teachers 
share authority with learners in very specific ways. Collaborative teachers invite learners to 
set specific goals within the framework of what is being taught, provide options for 
activities and assignments that capture different learner interests and goals, and 
encourage learners to assess what they learn. Collaborative teachers encourage learners’ 
use of their own knowledge, ensure that learners share their knowledge and their learning 
strategies, treat each other respectfully, and focus on high levels of understanding. They 
help learners listen to diverse opinions, support knowledge claims with evidence, engage 
in critical and creative thinking, and participate in open and meaningful dialogue. 

3. Teachers as mediators. As knowledge and authority are shared among teachers and 
learners, the role of the teacher increasingly emphasizes mediated learning. Successful 
mediation helps learners connect new information to their experiences and to learning in 
other areas, helps learners figure out what to do when they are stumped, and helps them 
learn how to learn. Above all, the teacher as mediator adjusts the level of information and 
support so as to maximize the ability to take responsibility for learning. 

4. Heterogeneous groupings of learners. The perspectives, experiences, and 
backgrounds of all learners are important for enriching learning in the classroom. As 
learning beyond the classroom increasingly requires understanding diverse perspectives, 
it is essential to provide learners opportunities to do this in multiple contexts in schools. In 
collaborative classrooms where learners are engaged in a thinking curriculum, everyone 
learns from everyone else, and no learner is deprived of this opportunity for making 
contributions and appreciating the contributions of others. Thus, a critical characteristic of 
collaborative classrooms is that learners are not segregated according to supposed ability, 
achievement, interests, or any other characteristic. 

Computation, Mental Math and Estimation 

Computation, mental math and estimation are closely related topics. Reyes and Reyes 
(1990) provide a clear discussion of their inter-relationship. 

Do you estimate? Of course you do. Everyone estimates. Research shows that 
estimation is used in real-world problem solving far more than exact computation. 
Furthermore, estimation relates to every important mathematics concept and skill 
developed in elementary school. It is a process that allows the user to form an estimate 
or to judge the reasonableness of a result. The NCTM’s Curriculum and Evaluation 
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Standards for School Mathematics ( Standards , 1989) discusses both measurement 
estimation, for example, 

About how high can you count in one minute? 

About how many beans are in a 1kg bag (fig. 1)? 

Is more than 1/2 the area shaded? 

and computational estimation, for example, 

Have you lived 10,000 days? 

I multiplied 48 by 0.27 on my calculator and got 129.6. Can that be right? 

Everything is reduced 35 percent. About how much is saved on the stereo in figure 2? 

These questions and the discussion of solutions offer many opportunities for developing 
number sense. 



Estimation includes various interrelated concepts and skills, including mental 
computation, concept development and number sense. In fact, research suggests that 
number sense, mental computation, and estimation are often very difficult to separate. 
Further, the development of any one of these abilities often stimulates further growth in 
the others. 



In the Standards, estimation is highlighted not as an end in itself but as a means for 
helping students " develop insights into concepts and procedures, flexibility in working 
with numbers and measurements, and an awareness of reasonable results " (p. 36). The 
study of estimation should be integrated with the study of concepts underlying whole 
numbers, fractions, decimals, and rational numbers so that these concepts can be 
constructed meaningfully by the learner. The exploration of a wide range of student- 
generated estimation strategies is recommended. The use of rounding to estimate is 
singled out for less attention in the Standards. Research and common sense clearly 
document that traditional rounding rules (rounding to the nearest ten, hundred, 
thousand , etc.) are often inappropriate and inefficient when estimating. Rather than 
follow rigid rules for estimating, students should be encouraged to use their knowledge 
about number to form estimates that are reasonable in the context of the problem. Often 
this strategy may call for " rounding ” to numbers that are more compatible with the 
computation involved. 



In grades K~4, the curriculum should include estimation so that students can- 

explore estimation strategies; 

recognize when an estimate is appropriate: 

determine the reasonableness of results; 
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apply estimation in working with quantities, measurement, computation, and problem 
solving. (Reys and Reys, 1990) 



Even though these topics work so well together in a curricular sense, for the learner they 
are not at all the same in the way in which they are processed and remembered. Recent 
brain research has demonstrated that learning math facts is very different from applying 
mathematical reasoning. A recent MIT news release (Halbert, 1999), based on work 
reported in Science Magazine by French and MIT researchers, reported that learning the 
multiplication table may be more akin to memorizing a laundry list than exercising 
mathematical skills. Meanwhile, learning to approximate how numbers relate to each other 
seems to be tied to intuition about space. 

Through separate studies involving behavioral experiments and brain-imaging techniques, 
the researchers found that a distinctly different part of the brain is used to come up with an 
exact sum, such as 54 plus 78, than to estimate which of two numbers is closer to the right 
answer; exact arithmetic uses a part of the brain usually active during verbal memory 
tasks This part of the brain, while not a primary language area, is activated when 
subjects have to remember verbal material. 

Further, approximating seems to require a more spatial tool, such as a mental number 
line. This spatial tool, which some call number sense, may be the most important source 
of mathematical intuition, although this intuition probably also results from interplay 
between the two brain systems involved. The brain-imaging evidence shows that 
approximate calculations take place in the brain’s large-scale network involved in visual, 
spatial and analogical mental transformations.. .For years, mathematicians, including 
Einstein, have said that they rely more on mental signs and images than words. 

Halbert wrote that not only were these math activities conducted in different locations, but 
also the two kinds of math problems were instantaneously assigned by the brain to their 
respective areas, suggesting that the calculation itself, not just the decision to perform it, is 
completed by specific circuits depending on whether an exact or approximate result is 
required. 

Problem-Solving 

The NCTM standards (1989) have been well received by national educational groups, the 
U.S. Department of Education, and the states as they reviewed or formulated new state 
standards, new benchmark tests, and new curriculum materials. The NCTM standards 
have led to less emphasis on skills for their own sake, more on deep understanding of 
important concepts that spiral through curricula and are interrelated. 

The standards suggest addressing richer, multi-step mathematics problems. One way this 
can be applied is to have instruction begins with a real world example rather than teaching 
concepts in the abstract. For example, graphing an equation is taught to show how real 
situations can be described by graphing data or graphing the equation that describes the 
data. Standards-based approaches to teaching mathematics build in more questions 
requiring explaining the processes and thinking behind the solution, or solutions. Math 
problem solving is designed to provide more modeling, investigating, explaining, and 
showing multiple solutions 

A recent study shows the benefit of approaching mathematics problem solving with a 
conceptual emphasis. A study of high and low achieving US classes (Nowell, Masini, and 
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Quinn) found that teacher instructional practices produced measurable effects on learner 
TIMMS math achievement. In Grade 8 classes, teaching practices are related to higher or 
lower math achievement. Specifically, drilling learners on procedures and application of 
rules is associated with lower-achieving classes and focusing on understanding and 
explaining concepts is associated with higher-achieving classes. More teachers in higher- 
achieving classes ask learners to explain the reasoning behind an idea and write 
equations to represent relationships. While these results do not directly test the Standards 
for teaching developed by NCTM, they do show that teaching in a way compatible with the 
Standards is associated with higher math achievement. 

Active Learning with Real-World Connections 

Learning does not mean simply receiving and remembering a transmitted message; 
instead, "educational research offers compelling evidence that learners learn mathematics 
well only when they construct their own mathematical understanding" (Mathematical 
Sciences Education Board, 1990, p. 58). When educators begin to see learning as 
knowledge construction, they change their thinking about cuiriculum, instruction, and 
assessment, developing more powerful approaches to connecting thinking and 
mathematics and designing more mathematically significant instructional learning 
experiences (Cook, 1995). 

Burns (1992) noted that not only is it important to consider the content of the mathematics 
curriculum, it’s important to consider how learners learn mathematics . Learners need to 
learn mathematical concepts and to see relationships among these concepts. Because 
mathematics concepts are understood only as they relate to the overall framework of 
understanding held by each learner, children must construct these connections through an 
active process. Such learning experiences are: 

• Hands-on, involving learners in really doing mathematics - experimenting first-hand 
with physical objects in the environment (manipulates) and having concrete 
experience before learning abstract mathematical concepts 

• Minds-on, focusing on the core concepts and critical thinking processes needed for 
learners to create and re-create mathematical concepts and relationships in their own 
minds 

• Authentic , allowing learners to explore, discover, discuss, and meaningfully construct 
mathematical concepts and relationships in contexts that involve real-world problems 
and projects that are relevant and interesting to the learner. 

Curriculum and Mathematics Integration 

Research has verified the importance of building on learners’ prior knowledge when 
helping them learn new concepts. This approach verifies not only the importance of 
articulating learners’ math experiences from kindergarten through grade 12 but also the 
importance of aligning learners’ math experiences with their other experiences both inside 
and outside school. Educators should keep in mind that the development of a child 
involves multiple settings-the home, the neighborhood, the school, and the workplace. 
People learn and grow in all of these settings. Learners of all ages construct meaning 
about themselves and their world out of personal experiences, including the influences of 
culture (Caine and Caine, 1991; Beane, 1995). Learning is enhanced when curriculum 
and instruction integrate learner experiences with the development of meaning. Iran- 
Nejad, McKeachie, and Berliner (1990) state, "The more meaningful, the more deeply or 
elaborately processed, the more situated in context, and the more rooted in cultural, 
background, cognitive, and personal knowledge an event is, the more readily it is 
understood, learned, and remembered" (p. 511). 
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The National Council on the Teaching of Mathematics (NCTM, 2000), in its landmark 
Principles and Standards for School Mathematics , gives the following pointers on the need 
for an articulate, coherent, and integrated math curriculum: 

• A well-articulated curriculum challenges learners to learn increasingly more 
sophisticated mathematical ideas as they continue their studies. 

• A mathematics curriculum should be well articulated across the grades. 

• A mathematics curriculum should be coherent. Mathematics comprises different 
topical strands, such as algebra and geometry, but the strands are highly 
interconnected [and] displayed prominently in the curriculum and in instructional 
materials and lessons Learners can see how the ideas built on, or connect with, 
other ideas, thus enabling them to develop new understandings and skills. An 
effective mathematics curriculum focuses on important mathematics mathematics 
that will prepare learners for continued study and for solving problems in a variety of 
school, home, and work settings. 

Note that both skills and applications such as problem solving are mentioned in this list. If 
learners are to become facile with mathematics, they need automaticity with skills and 
facility with mathematical reasoning. 

The phrase integration of mathematics instruction may refer to either of two 
mathematics: (1) mathematics joined with other school subjects, such as math and social 
studies, and (2) different types of mathematics joined with each other, such as algebra 
and geometry. Both of these curricular combinations are legitimate ways of intertwining 
math so that it is better understood and appreciated. 

The January 2001 Dialogues , the NCTM Web site forum for essays, presented two such 
writings on the topic of mathematics integration. Donna Berlin (2001) gave a discussion of 
an international view of integration noting that the topic of an inter-related mathematics 
curriculum was begun at the turn of the last century, around 1900. As such, it included 
two major components of middle school philosophy interdisciplinary teaching and 
coherent learning. A three-part vision emerged Interrelatedness of mathematical 
topics mathematics connected with other subjects in the curriculum and mathematics 
connected with students interests. 

Burkhardt (2001) stated the following: 



The main advantages of integrated curricula are that they build essential connections, 
help make mathematics more usable, avoid long gaps in learning, allow a balanced 
curriculum, and support equity. I know of no comparable disadvantages, provided that 
the "chunks” of learning are substantial and coherent. 



Building a student’s robust cognitive structure, one that can be used flexibly and 
effectively in solving problems, depends on linking new concepts and skills with the 
student’s existing understanding. This happens through active processing over an 
extended period, first of weeks as the curriculum points out key links, ultimately over 
years as the concepts are used in solving problems across a variety of contexts. 



Compartmentalizing mathematics inhibits building such connections. For example, the 
different functions that represent the scaling of lengths, areas, and volumes are a 
practical example of links between algebra and geometry and the real world. The 
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profound fact that doubling all lengths multiplies all areas by 4 and volumes by 8 
underlies home-heating calculations and accounts for upper limits on the size of insects. 
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